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Projects  in  inch  equipment  on  lo^n  from  0 W n t.re  used ; 

A 1.  Title.  Stuuies  on  the  regeneration  of  striated  skeletal 
muscle . 

2.  Objectives.  Studies  are  iV.ae  \ xtn  reference  to. 

a.  conditions  favoring  i os  citation  of  experimentally 
injured  muscle  in  ischaemia,  crush  and  thermal  injury. 

b.  cyto-  and  histochemistry  ol  differentiation  in 
muscle,  correlating  the  presence  and  distribution  oi  nucleic  acids, 
myo haemoglobin,  phosphatases,  glycogen  aiiu  certain  oxidative 
enzymes  » ith  the  progressive  stages  of  sarcoblastie  differentiation. 

c.  modulation,  rate  oi  regenerative  growth,  and  mo:!e  of 
nuclear  division  of  skeletal  muscle  in  tissue  cultu'e. 

B 1.  Title:  An  evaluation  of  tissue  culture  as  a method  of  bone 
graft  procurement. 

2.  Objectives: 

a.  to  determine  the  requirements  for  aiaiuta induce  of 
potentially  osteogenic  ceils  of  foetal  endosteum  in  luxuriant 
proliferation  in  vitro  ior  extended  per- iocs  of  tame 

b.  to  determine  the  efficiency  of  1 reese-oned  Cancel- 
lous bone  (non- viable)  and  'las tic  sponge  (poiy- vinyl)  ,.s  three 
dimensional  substrates  .or  foetal  osteoblasts". 

c.  to  determine  the  relative  effectiveness  ox  freeze- 
dried  cancellous  bone  ana  plastic  sponge  both  in'iltratea  'ith 

homogenous  foetal  '’osteoblasts',  a.s  in  vivo  bone  grc.lt  substitute. 

C 1.  Title:  Correlated  stuaj.es  on  the  chemist. y,  growth  and 

metaholism  of  mesenchymal  cells  of  the  fibrous  and  osseous  connec- 
tive tissue,  and  their  products,  in  mass  tissue  culture. 

2.  Objectives; 

a.  to  determine  w hat  effects  certain  steroia  hormones 
exert  on  fibroblastic  growth  in  vitro. 

b.  to  determine  > hicn  cell  types  are  affected, 


c,  to  study  some  of  the  factors  ini luencing  the  action 
of  such  hormones  on  ceils  in  culture. 

cl.  to  determine  whether  «-cid  mucopolysacclv. rides  (s-m.s.) 
are  produced  in  vitro,  a.nd  if  they  are,  what  kinc.s  aim  hov  much. 

e.  to  discover  wht. t controllable  factors  (composition 
of  medium,  pH,  oxygen  tension-  plasma  substrate  etc.)  affect  the 
kinds  and  amounts  of  mucop,.*  .,  saccharides  produced,  in  culture. 

f.  to  study  some  relationships  between  m p s (matrix) 
and  reticulum  and  collagen  (fiber)  formation  in  vitro. 

g.  to  investigate  some  of  the  cytocheuical  character- 
istics of  cells  associated  iith  m p s and  fiber  formation  in  vitro. 

h.  to  gain  information  concerning  intermediate  stages 
of  m p s formation,  ana  to  stuaj"  some  oi  the  cnayme  sys toms  con- 
cerned in  the  process 


Summary  of  results  ana  hi.,  ns 

Project  l.  Ischaemia  of  the  tibialis  an tic us  muscle  of  rabbits, 
produced  following  the  method  of  Le  Gros  Cl.  rx  (l)  \m  found  to 
result  in  an  infarct  which  v-.,a  lepai.-e-;  by  extensive  new  grovth 
of  muscle.  Compared  with  traumatic  injuries,  it  va.s  confirmed, 
as  other  authors  had  suggested,  (a,  3,)  that  restitution  of  stria- 
ted skeletal  muscle  depends  upon  the  preservation  of  patent  un- 
interrupted sarcolemmiceriuomyscal  guiaeplanes  into  , Inch  continuous 
s;?  rcobias  tie  slips  can  gro’-  . aun  upon  the  restoration  of  vascular 
competency,  mature  muscle,  el though  considered  & highly  special- 
ised tissue  ty^e , i^s  found  to  have  a very  great  potential  for 
proliferation  and  growth,  modulation  . rw  redif  i erentution,  facts 
to  vhich  our  experience  with  adult  muieio  in  tissue  culture  (4) 
gives  dei ini  to  support. 

The  node  and  rate  01  muscle  grovth  m vitro  li  ve  been  re- 
coraed,  and  correlated  with  the  regenerative  g rov.  th  vhich  ensues 
after  ischaemic  and  relatively  mi la  thermal  injury  to  muscle  in 
rabbits  ana  rots,  burcoblas tic  development  end  rate  of  gro\  fch  in 
tissue  culture  v.-as  found  to  be  almost  identical  with  the  earlier 
stages  of  regeneration  in  vivo.  The  problem  oi  the  origin  of  the 
free  histiocytoid  cells  in  the  sarcolemmic  tubes  vnich  sorm  after 
severe  muscle  injury  (5)  (_nd  ..iso  the  origin  oi  son.e  of  the  cellu- 
lar forms  seen  in  supposedly  myogenic  tumors)  »as  elucidated  with 
the  help  of  tissue  culture  of  mature  muscle.  It  us  found  that 
sarcoblc'Stic  (regenerating  :uscle)  ribbons  ’ere  capable  of  budding - 
off  free  motile  mononucle.  be  cells,  cra.mo  of  mitotic  division 
and  phagocytosis,  confirming  by  direct  recorded  observation  earlier 
studies  on  foetal  muscle  in  vitro  (6)  The  fate  oi  these  modula- 
ted elements  0r»d  differentiation  o*  muscle  in  vitro  rill  be  studied. 

Extensive  anatomical  stvu  is  a r«..ve  been  conducted  on  the 
lesions  produce!  by  ligation  of  nutrient  arte; les  01  a muscle, 
and  on  injuries  consequent  on  op  -Iication  ox  heat,  dry  ice  ana  on 
crushing  muscle.  The  changes  iavd  been  described,  a no  it  b- s been 
confirmed  th.,.  t tue  biological  potentiality  of  mature  differentiated 
striateu  skeletal  muscle  to  proliferate  ..*k.  regenerate  is  very 
great.  The  most  important  single  factor  determining  the  success 
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of  the  restitutive  procebs  is  the  integrity  01  tne  sorcolemmal  or 
endomyse&l  planes  \ hich  serve  as  f same  '..or as . Shoula  these  be 
destroyed  or  collapse  (as  in  crushing,  severe  turns)  regeneration 
is  abortive. 

The  sarccblasts  are  being  s turned  histoche.niCc.lly  to  correlate 
the  chemical  end.  morphological  images  which  appear  in  successive 
steps  in  differentiation  Preliminary  studies  indicate  trait  the 
cytoplasm  of  the  sar coblast  is  rich  in  dfla  ribonucleotide  and  in 
phosphate  se  prior  to  and  during  the-  first  visible  appearance  of 
myofibrils  and  definitive  positive  birefringence.  These  substances 
diminish  with  differentiation,  and  are  hardly  apparent  after  eross- 
stnations  and  acidophilia  occur.  Lower  nucleotides  are  augmented 
however,  as  the  fiber  matures. 

Future  plans  call  for  quantitc  tive  biochemical  determinations 
of  the  rate  of  accumulation  of  nucleic  acid  in  regenerc ting  muscle, 
to  be  related  to  parallel  histochemical  \ork.  Identification 
(bio  and  histochemicai)  and  localization  of  Unols,  glycogen, 
phosphatases  and  oxidative  enzymes  in  regeneration  will  be  under- 
taken . 

Intensive  study  has  also  been  made  o i the  amitotic  nuclear 
partition  which  is  the  rule  in  muscle.  Anatomic  observ.  tions  with 
periodic  photography  of  living  sarcobla»ts  in  culture  are  nov.  being 
made.  Microspectropho tome trie  analyses  to  cU fee  nave  indicated 
tliat  in  spite  of  rapid  non-mi  to  tic  division,  the  daughter  nuclei 
receive  diploid  equivalents  of  D In  A 

Project  B.  The  experimental  methods  luvc  been  given  in  an 
application  for  a Grant  In  Aia  submitted  by  Lr • C.A.L  Bassett, 
nov  pending  in  the  O-N.h  For  o.e tails  reference  shoula  be  made  to 
this  application. 

To  date,  it  has  been  verified  by  means  of  tissue  culture 
that  exposure  of  human  cancellous  bone  to  air  for  periods  up  to 
several  hours,  did  not  adversely  influence  its  viability.  Frozen 
and  dehydrated  bone,  however,  snored  no  signs  of  viability. 

Cells  derived  from  human  endosteum  (cancellous  bone)  are  being 
cultivated  over  a long  terra  in  preparation  for  obtaining  a race 
of  human  cells  of  osteogenic  potentiality  for  mass  culture.  This 
involves  patient  <_nd  repeated  subcul taring 

The  types  of  cells  present  <_vs  being  studied  morphologically 
and  his tc chemically  in  an  attempt,  to  identify  C.nci  differentiate 
the  osteoblast,  i e.  that  modulated  form  of  mesenchymal  cell 
capable  of  deposition  of  specific  bone  ns  trices. 

Project  C.  a - c.  It  is  knovn  that  cortisone  effects  fibro- 

plasia in  vivo  (7),  but  the  reports  of  its  direct  action  on  fibro- 
blasts in  vivo  have  so  ar  been  conflicting  or  inconclusive. 

It  has  been  found  that  fibroblasts  groin  in  a medium  of 
aoniotic  fluid  and  plasma  without  the  customary  embryonic  extract 
(EE)  provided  tiie  best  means  of  measuring  the  effect  of  the  steroid 
hormones  on  growth  Vith  water-soluble  hydrocortisone  in  concen- 
trations of  LOG  meg /ml  or  greater,  distinct  inhibition  of  fibroblast 
grov. th  was  demonstrated.  Growth  of  epithelium  vns  not  affected. 

I n the  presence  of  EE,  inhibition  could  be  shown  only  with  higher 
concentrations  of  hydrocortisone , suggesting  that  ICE  contains  a 
principle  antagonistic  to  the  fibroblast-inhibiting  effect  oi 
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hydrocor tisone . Cortisone  acetate  in  aqueous  suspension  used 
in  the  s^m.e  concentration  caused  only  slight  inhibition  oi  growth, 
while  hydrocortisone  in  suspension  caused  considerably  greater 
inhibition  of  growth  than  diet  cortisone  aceti  te,  but  ilout 
one-thire  as  much  inhibition  ;..s  voter  solution  hy  U ~o  c •:>  r t i s one . 
Desoxycorticosterone,  botn  in  suspension  and  solution  v as  .oma 
to  be  — s potent  an  inhibitor  of  fibroblastic  proliferation  us 
soluble  hydrocortisone. 

In  every  c^se,  the  effect  of  the  steroid  v us  reversible,  »nu 
normal  growth  vus  rescueu  after  the  cells  , ere  restored  to  a drug- 
free  memem.  a profound  direct  effect  of  a cortisone  vus  thus 
unequivocally  shown  in  vivo 

d - h.  In  order  to  gain  basic  information  on 
the  formation  of  the  matrices  of  connective  tissue  and  Lone,  to 
serve  in  an  understanding  oi  their  changes  in  diteu.ee,  injury  and 
repair,  the  activities  of  an  isolated  system  composed  almost 
entirely  of  the  growing  mesenchymal  cells  of  fibrous,  synovial 
or  endosteal  tissue  ai for us  an  advantageous  object  of  study. 

Cultures  of  such  cells  should  be  gro^n  under  controllable  condi- 
tions, and  must  be  capable  oi  yielding  several  hundred  ml.  of 
fluid  medium  and  several  grams  oi  ceils  to  permit  chemical  analysis. 
Considerable  effort  has  been  ex  permed  m the  arr.-  ngeiaent  of  facili- 
ties and  invention  of  methods  adapted  to  the  purposes  described. 
Bacteriological  culture  dishes,  permitting  aats  gro’th  of  cells 
over  large  surfaces  Wale  alio1  ing  .;icrosco...LCal  observe. tion  of 
the  outgrowth  have  beer,  devised  after  many  experiments.  A method 
of  mass  tissue  culture  employing  edi_  \ hose  iv.se  is  amnio  tic  fluid 
has  been  elaborated. 

Using  chicK  heart  ana  human  foetui  sicin,  .mss  tissue  cultures 
under  conditions  of  optimal  growth  have  been’  maintained  for  4-5 
weeks,  and  submitted  for  c hemic:  1 analysis  Y’hiis  the  enemies! 
analytic  work  is  still  in  its  preliminary  stages,  it  may  be  stated 
that  abundant  mucin-clots,  incre^sj-ng  in  quantity  with  the  age 
of  the  cultures,  have  seen  iound  in  the  supernatant  material. 

These,  ana  the  cellular  commoner. ts , are  being  subjected  to  analytic 
s tuuy . 

Future  pl-.ns  cJi  ;cr  implementation  of  the  stated  objectives 
of  this  research.  Using  simplified  media  o.  amnio tic  fluid  and 
small  amounts.  of  embryo  extract  or  its  die  lysate,  attempts  > ill 
be  made  to  influence  m p s production  by  : .axing  availe  tie  carbo- 
hydrate moieties,  suliateu  compounds,  or  by  adding  drugs . 

Histochemical  work  ^ he>  s that  enure  is  intense  intercellular 
metaohro.sasia  m the  outgro’ tii  ..one  in  cultures  of  fibroblasts 
derived  from  human  skin  _nu  umbilical  cord  The  his  toe  hemic. ,1 
characteristics  of  fibroblasts  engaged  in  m p s production  and 
their  relation  to  fiber  formation  ^ iL  be  stuuiec  after  hiscociiem- 
ical  identifies tion  or  the  aetachroma tic  material.  The  phenomenon 
of  vital  me  to.  chroma  s la  seer,  in  living  cells  on  the  uptake  oi  basic 
dyes  of  the  thiazine  group  (e.g  tciuiiino  blue)  is  also  being 
studied. 
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Additional  note:  Equipment  presently  in  use  in  this  labor&- 

tory  under  an  equipment -loan  contract  kith  the  Office  of  Naval 
Research,  ;*as  onginaiiy  assembled  under  contract  N6  0RI-110 
Tasic  Order  II  vith  the  Office  of  Naval  Research  This  property 
formed  the  basic  equipment  of  the  Connective  Tissue  Laboratory 
of  the  Department  oi  Orthopedic  Surgery , unaer  the  principal 
direction  of  Dr.  S S.  Hudack. 

Subsequent  to  July  1951  tr.e  Connective  Tissue  Laboratory  v as 
continued  in  the  charge  oi  Dr.  J.C.  Elunt,  Jr.  The  Naval  property 
v.as  retained  under  an  equipment-lot.n  contract  negotiated  vith 
Dr.  wlan  Deforest  Smith,  Director  of  the  new  fork  Orthopedic 
Hospital  and  the  orthopedic  Surgery  Department,  under  those  egis 
the  laboratory  continued  to  function. 

In  July  1952,  on  the  advice  of  a.  Specie!  committee  oi  the 
College  of  Physicians  and  Surgeons  (including  Drs  R.  Lattes, 

A . P . Stout,  A.  Def . Smith,  K iieyer,  m.  murrny,  C.  Ragan,  ana 
E.  Sproal)  the  preexisti.ig  '‘Connective  Tissue  Laboratory"  vas 
reorganized  to  enlarge  the  scope  of  contemplated  investigations. 

Some  of  the  basic  and.  necessary  permanent  equipment  for  the 
Histochemistry  Laboratory,  nov  housed  in  Rooms  216  to  220  oi  the 
Institute  of  Cancer  nescv.rch  in  the  College  is  loaned  from  the 

0. N.R. 

Opera ting  expenses  are  met  entirely  Ire..!  grams  otner  than 

government  sou’-ces Ine  la  bore  to  ry  ha  a hue.  no  0 N.R.  gr^.nt 

during  the  lenod  covered  in  this  report. 

Attention  ls  also  aru >n  to  the  report  submitted  by  the 
staff  oi  this  laboratory  to  the  0 N r.  on  Sept-  28,  1953  to  cover 
the  period  up  to  Sept  15,  1953. 
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